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COMPRE HEN SI V E  LAKE AND 
WATERS HED  M A NAGEME NT PLA N -
B IG  C HE TAC ,  B IRCH,  AN D  L ITT LE  

B IRCH L AKES  
PREPARED FOR THE BIG CHETAC AND BIRCH LAKE S ASSOCIATION 

INTRODUCTION  

In the mid-2000õs Big Chetac, Birch, and Little Birch lakes experienced severe algae blooms such that during the 
summer of 2005, the Sawyer County Land and Water Conservation Department placed environmental hazard warning 
signs on the lake due to the high blue-green algae concentrations. Deteriorating water quality conditions in the system 
drove the Big Chetac and Birch Lakes Association (BCABLA) to pursue a series of Wisconsin Department of Natural 
Resources (WDNR) Lake Management Planning Grants to complete a comprehensive òGetting Rid of the Greenó 
lake study. The goal of this study, which began in 2007 and was completed in 2010, was to identify the contributing 
factors to the blue-green algae blooms in Big Chetac Lake. It included a comprehensive look at the nutrient levels in 
the system, their sources, and the impact they have. It included a whole-lake early season curly-leaf pondweed (CLP) 
and mid-summer point-intercept (PI) aquatic plant survey, groundwater and watershed assessment, septic system 
survey, and a paleo-ecological study of the sediments in the lake to determine historical conditions. The end result of 
this study was a Comprehensive Lake Management Plan (LMP) for the Big Chetac Lake written by Short, Elliot, 
Hendrickson (SEH) Inc. Recommendations for improving water quality were presented to the BCABLA and the 
WDNR in June 2010. 
 
That LMP was reviewed and commented on by a WDNR Technical Review Team in September 2010; and then 
adopted in part by the BCABLA in November 2010 based on recommendation made by the BCABLA Lake 
Management Plan Committee. Between 2013 and 2015 several management actions were implemented with support 
from a majority of BCABLA members and the WDNR (technical support and grant funding) including large-scale 
chemical management of CLP in Big Chetac Lake and an Alum Dosage Study for Big Chetac Lake. Implementation 
of these management actions was not entirely supported however. In 2013, opposition to management actions being 
implemented surfaced from three local units of government: Town of Edgewater, Town of Birchwood, and the 
Village of Birchwood. Additional opposition was voiced by a few members of the community. Despite this opposition 
management implementation continued through 2015 
 
In 2015, the BCABLA Lake Management Plan Committee completed an update of the 2010 plan and submitted their 
efforts to the WDNR for review. The update highlighted what had been done between 2010 and 2015 and how it 
impacted certain aspects of Big Chetac Lake including water quality, the fishery, and aquatic plants both native and 
non-native. The WDNR completed its review of the updated plan and put its determinations into a letter sent to the 
BCABLA in January 2016.  
 
The WDNR did not approve the rewrite, and did not support chemical management of CLP proposals for 2016 made 
by the BCABLA based on the 2015 update. Instead the WDNR suggested that money left in an existing grant be used 
to complete a much more involved public input and involvement project that would hopefully better define and 
attempt to resolve conflicts that divided many stakeholders affected by the condition of Big Chetac, Birch, and Little 
Birch lakes and the management actions aimed at making improvements to them. 
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In July 2016, Lake Education and Planning Services (LEAPS) was contracted with and led a nearly two-year public 
involvement campaign culminating in this document, considered an update of the 2010 LMP, and a plan for 
implementing it. 
 
This updated version referred to as òComp Planó, focuses on all three lakes in the system. Additional water quality 
and aquatic plant data was collected on Birch Lake in 2017; new aquatic plant data was collected on Big Chetac Lake; 
water quality monitoring and aquatic plant survey results since 2010 have been reviewed; and various surveys and 
reports completed by the BCABLA, WDNR and other stakeholders have been reviewed. In addition, representatives 
from a majority of the stakeholder groups have been heavily involved in the discussion leading to this updated plan, 
and several opportunities were provided for the general public to provide input and review. 
 
The 2010 LMP was and continues to be a good resource for understanding how a lake works and identifying those 
things impacting Big Chetac and to a lesser degree, Birch and Little Birch lakes, both good and bad. This new Comp 
Plan updates existing information, adds new information, and then sticks to the nuts and bolts of management 
planning and implementation for all three lakes through at least 2024. 
 
Portions of this Comp Plan will focus on the following: 1) public input gathered related to past, present, and future 
management recommendations; 2) past management planning and implementation; 3) watershed and lake 
characteristics; 4) updated water quality and aquatic plant data; 5) fisheries survey results; 6) Shoreland Habitat 
Assessment; 7) aquatic invasive species; 8) aquatic plant management; 9) whole lake management; 10) goals, 
objectives, and actions in this plan; and 11) a review of WDNR grant funding opportunities.  
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PUBLIC PARTICIPATION  AND STAKEHOLDER INPU T  

PUBLIC INVOLVEMENT  

In July 2016 LEAPS began a public input campaign that included interviews with government officials in the Town of 
Edgewater, Town of Birchwood, and Village of Birchwood in an attempt to find out the source of their opposition to 
previous and current CLP management plans and other lake improvement actions being implemented or considered 
by the BCABLA. In addition to the government officials, resort owners on the lakes were contacted and asked if they 
would participate in similar interviews. Those that responded were interviewed by LEAPS. Resort input was 
considered necessary to get a better understanding of how one large group of identifiable lake users felt about the 
lakes and their satisfaction with many aspects of them including fishing and water quality. Resort owners who were in 
favor of and resort owners who were in opposition to what the BCABLA had been doing since 2013 were 
interviewed. 
 
Throughout the implementation of the 2010 LMP the BCABLA was providing information to the public about its 
management planning and implementation, and had been working closely with the WDNR. Nearly every document 
created through 2015 and related to the implementation of the 2010 LMP was posted on the BCABLA webpage. 
Public meetings were held and paper surveys seeking input were distributed. 
 

GOVERNMENT AND RESOR T OWNER INTERVIEWS  

All board members (3 each) and Town Clerks of the Towns of Edgewater and Birchwood were initially contacted by 
mail requesting a one-on-one interview. The Village of Birchwood President, four trustees, and the Village Clerk were 
also contacted by mail. A total of 10 resorts on the lakes were initially contacted by email, making a total of 24 
requests for interviews. Follow up calls and emails led to all three Town of Edgewater Board Members being 
interviewed; two Town of Birchwood Board Members being interviewed; and the Village of Birchwood President, 
Clerk, and one Trustee being interviewed. Eight of the 10 resorts contacted completed full interviews. The owner of 
Red Cedar Spring Resort on the north end of Big Chetac Lake did not complete a full interview, but spent about 30 
minutes in person discussing his thoughts about the lake and the three years of CLP management that essentially took 
place right outside his doorway. A total of 18 interviews were completed between late July and early September 2016. 
Half were done in person and the other half over the phone. 
 
Interviews averaged about 90 minutes in length and were conducted by LEAPS using a set of questions developed by 
LEAPS covering the following six topic areas: 1) Lake Use, 2) Fisheries and Wildlife, 3) Aquatic Plant and Aquatic 
Plant Management, 4) Water Quality and Water Quality Management, 5) Information and Monitoring, and 6) 
Stakeholder Involvement and Discussion. 
 

STAKEHOLDERS COMMITT EE 

At the conclusion of the government and resort owner interviews it was clear that a mechanism was needed to insure 
appropriate stakeholder involvement in management planning discussion for Big Chetac, Birch, and Little Birch lakes. 
One stakeholder group in particular, including Birch and Little Birch lakes property owners, Village of Birchwood, 
and the Town of Birchwood indicated they felt underrepresented in the development of the 2010 LMP and the 
BCABLAõs implementation of it through 2015. 
 
In December 2016, a group of stakeholders determined by LEAPS based on its interviews were invited to meet and 
discuss the formation of a Stakeholders Committee and an application for a WDNR Lake Management Planning 
Grant to collect data from Birch, Little Birch, and Big Chetac lakes. The purpose of the Stakeholders Committee, if 
supported, would be to increase the level of public involvement and to provide a non-confrontational atmosphere for 
discussion among stakeholders to take place. During the December 2016 meeting, it was agreed by participants that a 
formal Stakeholders Committee should be formed and the following stakeholder groups included: three 
representatives from the BCABLA including two from Big Chetac Lake and one from Birch Lake; one representative 
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each from the Towns of Edgewater and Birchwood and the Village of Birchwood; two resort owners - one from Big 
Chetac Lake and one from Birch Lake; and one representative from the Red Cedar River Watershed and TMDL 
Coalition. The Committee would be facilitated by LEAPS, with a representative from the WDNR also participating. 
Neither LEAPS nor the WDNR were considered voting members of the Committee. Committee meetings would be 
held on a regular schedule (monthly as long as it was the conclusion of members that it was still needed). 
 

LAKE MANAGEMENT PLAN NING GRANT PROJECT  

During the December 2016 discussion, LEAPS and the BCABLA, proposed the preparation and application of a 
WDNR large-scale lake management planning grant to support activities in 2017 and 2018 that would address some 
of the concerns brought forth during the government and resort ownersõ interviews. The project included in the grant 
had several goals and objectives: 
 

¶ Collect water quality data from the Deep Hole in Birch Lake; 

¶ Collect water quality data from the inlet to Birch Lake from Big Chetac Lake and the outlet of Birch Lake to 
downstream waters; 

¶ Cold and warm water whole-lake, point-intercept, aquatic plant surveys in Birch and Little Birch lakes (never 
done before); 

¶ Repeat a warm water whole-lake, point-intercept, aquatic plant survey in Big Chetac Lake (last survey done in 
2014); 

¶ Complete a Shoreland Habitat Assessment survey on all three lakes; 

¶ Design and implement a Resort Owners Fishing Success Survey; 

¶ And, provide additional financial support for the Big Chetac, Birch, and Little Birch lakes management 
planning project. 

 
Participants in attendance at the December 2016 meeting agreed that the project defined in the grant application 
would provide support needed to further management planning efforts. The grant application was submitted to the 
WDNR by the BCABLA in December 2016 and was awarded in April 2017.  
 

STAKEHOLDER COMMITTE E MEETINGS  

Stakeholder Committee meetings officially began in January 2017. Agendas and minutes were assembled by LEAPS 
and posted on the BCABLA webpage.  A total of eight Stakeholder Committee meetings were held in 2017, all at the 
Birchwood Senior Center. Dates of the meetings and the topics discussed were as follows: 
 

¶ (Jan. 24, 2017)  2010 Lake Management Plan 

¶ (Mar. 2, 2017)  Aquatic Plant and Aquatic Plant Management 

¶ (Mar. 30, 2017)  CLP Management in Other Lakes/Water Quality 

¶ (Apr. 24, 2017)  Changes in Stakeholders Committee Makeup/Initial Goal Setting 
 

¶ (Jun. 19, 2017)  Review of May Public Meeting/Goal Setting 

¶ (Jul. 24, 2017)  Goal Setting 

¶ (Aug. 14, 2017)  Goal Setting 

¶ (Sep. 25, 2017)  Review of August Public Meeting/Setting Management Objectives 
 
Minutes and agendas for all of these meetings are available on the BCABLA webpage at www.bcabla.com.  
 

PUBLIC MEETINGS  

Three public meetings were held in 2017 specifically to share what the Stakeholders Committee had been discussing 
and to seek input from the general public. The first meeting was held on May 20, 2017 in the Birchwood School 

http://www.bcabla.com/
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Commons and focused on the results of the government and resort owners interviews; formation of the Stakeholders 
Committee; preparation and award of a WDNR Lake Management Planning Grant; details about the first four 
Stakeholder Committee meetings; and an exercise involving attendees at the meeting in a goal setting activity. 
 
The second meeting was held in the small gym of the Birchwood Schools on August 29, 2017 and focused on initial 
lake management goals that had been developed by the Stakeholder Committee. This initial set of goals covered 
several areas of concern including water quality in both lakes; the fishery; aquatic plants; best management practices 
for reducing sediment and nutrient loading into the lakes; tracking, monitoring, and management strategy; balanced 
lake uses (fishing and other forms of recreation); invasive species; lake stewardship; communication and collaboration 
within the BCABLA and community; and implementation of a new plan. Public input and feedback was solicited 
through a participatory activity whereby people at the meeting could share their views and opinions.  
 
After a review of the outcomes from the October meeting, the Stakeholders Committee revised the initial goals and 
added objectives and actions to help meet the goals. A third public meeting was held on October 28, 2018 at the 
Birchwood School Commons. All goals, objectives, and actions were placed on tables in large print format. At least 
one Stakeholders Committee member was stationed at each goal ready to answer questions and take comments. In 
addition to the public being asked to comment, they were given the opportunity to write on the table displays in any 
way to get their points/questions/comments/changes across. The results of this activity were then used to put 
together the goals, objectives, and actions that are included in this document. 
 
In addition to the three public meetings, two additional meetings were held, one in May and one in October, with the 
Birchwood Area Chamber of Commerce. 
 

BIG CHETAC AND BIRCH  LAKES ASSOCIATION 

The Big Chetac and Birch Lakes Association has four officer positions (President, Vice President, Treasurer, and 
Secretary), three at-large directors, and the past president. As of June 2017 it had approximately 138 members of 
which about 20% were Birch Lake property owners. As of June 2017, only the President, past president, and two at-
large director positions on the board were filled. One of the at-large directors term was to end in 2018, and the past-
president position dropped off in 2018. One of the goals for the BCABLA moving forward is to rebuild its 
membership and to fill the vacant board positions. 
 
The stated purpose of the BCABLA is to òpreserve, protect, and improve the quality of the lakes resources and its 
surroundings for the collective interests of its members.ó Membership in the association is open to any individual that 
owns real estate (or resides for at least one month each year) on or within one mile of the lake. Membership is 
voluntary and current dues are $35.00 for an individual and $45.00 for a family. 
 
The BCABLA functions by committee with the following standing committees: 
 

¶ Membership ð Shall initiate a plan to recruit new members and offer suggestions to the board on retention 
of members. 

¶ Hospitality  ð shall provide refreshments at the annual meeting and, after receiving board approval, shall 
organize and publicize other social events to be sponsored by the Association. 

¶ Finance ð Shall recommend fund-raising activities to the board and after receiving board approval, shall 
organize such activities. The Finance Committee shall also annually audit the financial records of the 
Association. 

¶ Land Use ð May represent the Association at local public hearings and informational meetings relating to 
zoning, sanitation codes, subdivision ordinances, pollution sources, and changes in land use which might 
affect water quality. The Committee shall offer proposals to the board regarding land use issues. 

¶ Boating ð May represent the Association at local public hearings and informational meetings relating to 
water safety patrols, lake use ordinances, and obstacles to navigation. The Committee shall offer proposals to 
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the board regarding water use issues. 

¶ Fishing, Water Quality, Weed and Algae ð May represent the Association at WDNR hearings and a local 
meetings relating to in-lake water quality, fish, and wildlife habitat, water levels, control of nuisance plants, 
and to the protection of desirable vegetation. The Committee shall offer proposals to the board regarding 
water quality monitoring, ecological management of the fishery, and a vegetation management plan.  

¶ Lake Management Plan Committee ð Represented the Association in the development and approval of a 
Comprehensive Lake Management Plan in 2010 and again in 2015. 

 
With a limited number of current and active board members, the functionality of the Committees is reduced. As this 
new Lake Management Plan is implemented, the existing committees will be evaluated, modified if necessary, and new 
committees and committee structures (including goals) established.  
 
The BCABLA maintains a webpage at www.bcabla.com, and a Facebook page at Big Chetac and Birch Lakes. Both 
the BCABLA webpage and Facebook page are in need of updating. The BCABLA also publishes at least one 
comprehensive newsletter each year, and submits occasional news items through the Birchwood News (Birchwood 
Schools). 
 
During the June 2018 Annual Meeting, Mark Robinson, current president of the BCABLA, put forth the following 
draft list of priorities for the organization over the short-term: 

¶ Complete and publish the five-year lake management plan based on stakeholder committee and public inputs. 

¶ Form a Fisheries committee and begin work on a comprehensive Fisheries Management Plan with the 
WDNR. 

¶ Identify candidates for BCABLA leadership positions and plan for a summer/fall election. 

¶ Request volunteer òmedia specialistsó to help rebuild and improve the organizationõs website at 
www.bcabla.com (urgent). 

¶ Form additional BCABLA committees as volunteers and leadership allow (Bylaws stipulate Membership, 
Hospitality, Finance, Land use, Boating safety, Fishing - water quality ð weed and algae, committees.) 

¶ Identify potential projects for 2018 (and forward) by member input. 
 
 
  

http://www.bcabla.com/
http://www.bcabla.com/
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PAST MANAGEMENT PLAN NING AND IMPLEMENTAT ION I N BIG CHETAC, 
BIRCH, AND LITTLE BI RCH LAKES 

 
PAST MANAGEMENT PLAN NING AND IMPLEMENTAT ION  

As was previously mentioned, the original LMP for Big Chetac Lake was approved by the WDNR and BCABLA in 
2010. Reducing the amount of CLP, a non-native aquatic invasive plant species, in Big Chetac Lake was one of the 
goals in the 2010 LMP. By doing so, it was thought that more beneficial native aquatic vegetation would return to the 
lake, water quality may improve, and some navigation and nuisance vegetation issues would be reduced. Between 2010 
and 2013 the BCABLA Lake Management Plan Committee, made up of several BCABLA board members, gathered 
the necessary information to submit an Aquatic Invasive Species Control of an Established Infestation (ACEI) grant 
application to cover three years (2013-2015) of CLP chemical control in a 90-acre test plot in the north end of Big 
Chetac Lake. The grant also provided funding for aquatic plant survey work before and after chemical treatment, 
native plant re-planting, aquatic invasive species (AIS) education and monitoring, and monitoring of several measures 
to identify if management succeeded in its goal of reducing the amount of CLP in the lake. The overall goal of the 
project was to determine if control of established beds of CLP could increase the diversity, distribution and density of 
native vegetation, without causing harm to other aspects of a healthy lake. 
 
In addition to the ACEI grant that was applied for and awarded, the BCABLA also applied for a WDNR lake 
management planning grant in 2013 to complete an Alum Dosage and Modeling Study (James, 2013). This study was 
also a recommendation made in the 2010 LMP. Aluminum sulfate (alum) is one of the substances that can chemically 
bond with phosphorus (a nutrient in excess in the lake) removing it from the water and locking it up in a manner that 
cannot negatively impact the lake. 
 

CLP MANAGEMENT IN THE NORT H BAY OF BIG CHETAC LAKE  

The ACEI grant that was awarded in early 2013 provided funding for three years of CLP management in the North 
basin of Big Chetac Lake. There was vocal and written opposition from local municipalities (Town of Edgewater, 
Town of Birchwood, and Village of Birchwood) to using chemical herbicides to manage CLP, however, the criteria 
required by the WDNR in order to be eligible and receive grant funding for the project was met by the BCABLA and 
management planning was deemed satisfactory to move forward with the proposed treatment area in the North basin. 
 
In 2013, 90.8 acres in the North basin of Big Chetac Lake (Figure 1) were treated with Aquathol K at a concentration 
of 1.5-ppm. With the results of the treatment, there was no doubt that the application of Aquathol K could reduce the 
amount of CLP in the treated areas. While it did very effectively control CLP in the treated area, it affected CLP 
control far outside the boundaries of the treated area (nearly three times as much area), and negatively impacted 
several native aquatic plant species (Figure 1). The following is an excerpt from the 2013 Post-treatment Point-
intercept Aquatic Plant Survey Report (Berg M. , 2013). 
 
òFollowing the May 28th application of Aquathol K at a concentration of 1.5ppm, we returned to the lake on June 17-18, 2013 to assess 
the effectiveness of the treatment. CLP showed a highly significant reduction in the north bay for all rake fullness values as well as overall as 
it was nearly completely eliminated. We found it at only two of the 416 survey points (0.5%), and each rake was represented by a single 
CLP plant. We also noted evidence of residual control of CLP throughout the north basin at a distance of up to two miles downstream of 
the treatment area. Small pondweed (Potamogeton pusillus) and Coontail (Ceratophyllum demersum), the most common native plants in 
the north bay prior to treatment demonstrated highly significant declines; and Flat-stem pondweed (Potamogeton zosteriformis) exhibited a 
moderately significant decline. Conversely, Forked duckweed (Lemna trisulca) showed a highly significant increase, and filamentous algae a 
moderately significant increase.ó 
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Figure 1: Original 2013 90.8 acre CLP treatment area; 2008 CLP distribution; and 2014 CLP distribution 

 
In 2014, the same 90-acre area was treated again but only at a concentration of 1.0-ppm. In 2015, only 55 acres of the 
original area was chemically treated at a reduced concentration of 1.0-ppm. In the several years following the 2013 
treatment CLP density and distribution remained low in the treated area. However native aquatic vegetation was slow 
to recover. Based on results from the 2017 whole-lake, summer, aquatic plant point-intercept survey, most of the 
native aquatic plants that had suffered significant declines after 2013 had started to come back, but were still not at the 
levels they were in 2008 prior to chemical treatment. Despite management results that negatively impacted a few 
native aquatic plant species, overall native aquatic plant species richness (diversity) in the lake stayed high throughout 
the treatment years with most of the plant diversity occurring in the inlets near the numerous creeks entering the lake. 
The overall density of aquatic vegetation decreased after treatment and has remained lower when comparing 2017 
survey results with 2008 survey results. 
 
Prior to the first CLP treatment in June 2013, the frequency of occurrence of CLP in the proposed treatment area was 
88.5%. After three years of herbicide application (2013-15), the frequency of occurrence of CLP was 13.0%. In 2016 
only one year after the last treatment, it was back up to 71.5%. 2017 is the last year that CLP mapping was completed 
in Big Chetac Lake. 
 
In two control areas set up prior to actual treatment, and where no herbicide was applied, the frequency of occurrence 
for CLP remained high from 2013 to 2017. 
 
During this time frame, no management planning or implementation (for CLP, aquatic plants, or water quality) was 
completed on Birch or Little Birch lakes. 
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BIG CHETAC AND BIRCH  LAKES WATERSHED CHAR ACTERISTICS 

The Big Chetac, Birch, and Little Birch lakes watershed is a sub-watershed of the larger Red Cedar Lake Watershed, 
an area that includes the headwaters of the Red Cedar River. The Red Cedar Lake Watershed covers the adjoining 
corners of Barron, Rusk, Sawyer, and Washburn counties (Figure 2). A small portion of the Lac Courte Oreilles 
Indian Reservation lies within the Red Cedar Lake Watershed north and west of Lake Chetac. Much of this watershed 
is forested, with county forest land a large component of the watershed. The north central portion of the watershed 
consists of glacial pitted outwash and contains numerous small to large lakes. Big Chetac and Birch Lake are located in 
this area. The area is mostly forested, but some agricultural land exists northwest and southeast of Birch Lake. The 
southeastern part of the watershed is in the rocky, hilly area known as the Blue Hills. The area consists of glacial end 
moraines and ground moraine. It is underlain by quartzite bedrock and is steep-sloped and forested. There are few 
lakes present in this area. The western portion of the watershed consists of end moraines and also contains a 
substantial number of lakes, the largest of which are Red Cedar, Hemlock, and Balsam. Most of the area is forested, 
though significant agricultural areas exist northeast and east of Red Cedar Lake, and southeast of Hemlock Lake. 
 

 
Figure 2: Red Cedar Lake watershed - LC11, (WDNR)  

LAND USE  

The Big Chetac, Birch, and Little Birch lakes sub-watershed covers approximately 39,476 acres, the vast majority of 
which (73.4%) is covered by forest land (Figure 3). No other land cover type, with the exception of the 10.1% of open 
water, covers more than 7% of the area (Table 1). The shores of Big Chetac and Birch Lakes are well developed, with 
concentrated development in Edgewater on the NW shore, in the Village of Birchwood along the southwestern tip of 
the watershed boundary, and near resorts. 
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Figure 3: Big Chetac, Birch, and Little Birch lakes watershed 

Table 1: Land use in the Big Chetac, Birch, and Little Birch lakes watershed 
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SOILS 

Soils are classified into four main hydrologic soil groups (A, B, C, and D) to indicate their potential for producing 
runoff based off of the rate of infiltration. Group A soils have a high infiltration rate which makes the potential 
amount of runoff very low. These soils are generally very sandy and allow water to pass through unimpeded. 
Conversely, group D soils have a very low infiltration rate making their runoff potential fairly high. Group D soils are 
generally very dense with high amounts of organic material. This causes water to move slowly through group D soils 
often resulting in standing water on flat surfaces and flowing water over sloped surfaces. Group D soils are generally 
found within wetland areas, but they can be problematic in areas that lack the hydrophitic vegetation found within 
those areas. 
 
There are also three sub groups (A/D, B/D, and C/D) these indicated the infiltration rate of the soils with respect to 
the water table. If the water table is high and blocking infiltration, these soils are considered to have a high runoff 
potential and placed into group D, but when the water table is lower, these soils are similar to the first grouping (A, B, 
or C). Almost half of the soils within the Big Chetac and Birch Lakes Watershed fall into either group C or C/D while 
the rest are almost evenly split between A or A/D and B or B/D (Table 2). 
  

Table 2: Soil groups in the Big Chetac and Birch Lakes watershed 

 
 
Over half of the area above water is considered to be poorly drained soils that fall into either group C or C/D. These 
soils often are comprised of high amounts of organic material and/ or clay which makes precipitation more likely to 
run off into a lake or stream than it would be to infiltrate the ground. However, the soils surrounding Big Chetac and 
Birch Lakes tend to fall into groups A, A/D, B, and B/D which all drain fairly well (Figure 4). This can reduce the 
amount of runoff that directly flows into the lakes. 
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Figure 4: Soil drainage classes in the Big Chetac, Birch, and Little Birch lakes watershed 

 
WETLANDS  

A wetland is an area where water is at, near or above the land surface long enough to be capable of supporting aquatic 
or hydrophytic vegetation and which has soils indicative of wet conditions. Wetlands have many functions which 
benefit the ecosystem surrounding Big Chetac and Birch Lakes. Wetlands with a higher floral diversity of native 
species support a greater variety of native plants and are more likely to support regionally scarce plants and plant 
communities. Wetlands provide fish and wildlife habitat for feeding, breeding, resting, nesting, escape cover, travel 
corridors, spawning grounds for fish, and nurseries for mammals and waterfowl. 
 
Wetlands also provide flood protection within the landscape. Due to the dense vegetation and location within the 
landscape, wetlands are important for retaining stormwater from rain and melting snow moving towards surface 
waters and retaining floodwater from rising streams. This flood protection minimizes impacts to downstream areas. 
Wetlands provide water quality protection because wetland plants and soils have the capacity to store and filter 
pollutants ranging from pesticides to animal wastes. 
 
Wetlands also provide shoreline protection to Big Chetac and Birch Lakes because shoreline wetlands act as buffers 
between land and water. They protect against erosion by absorbing the force of waves and currents and by anchoring 
sediments. This shoreline protection is important in waterways where boat traffic, water current, and wave action 
cause substantial damage to the shore. Wetlands also provide groundwater recharge and discharge by allowing the 
surface water to move into and out of the groundwater system. The filtering capacity of wetland plants and substrates 
help protect groundwater quality. Wetlands can also stabilize and maintain stream flows, especially during dry months. 
Aesthetics, recreation, education and science are also all services wetlands provide. Wetlands contain a unique 
combination of terrestrial and aquatic life and physical and chemical processes. 
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There is a good amount of wetland area within the Big Chetac and Birch Lakes Watershed (Figure 5). The highest 
concentrations of wetland areas can be found fairly close to Big Chetac and Birch Lakes These areas help trap 
nutrients and sediments from making their way into the lakes. 

 
Figure 5: Wetlands in the Big Chetac, Birch, and Little Birch lakes watershed 

 
FORESTRY 

Through an extensive review of land management impacts on water quality in North America, research complied by 
the EPA it was determined that there is the potential for forestry operations to adversely affect water quality if best 
management practices (BMPs) are poorly implemented. Sediment concentrations can increase due to accelerated 
erosion; water temperatures can increase due to removal of over story riparian shade; slash and other organic debris 
can accumulate in water bodies, depleting dissolved oxygen; and organic and inorganic chemical concentrations can 
increase due to harvesting and fertilizer and pesticide applications. These potential increases in contaminants are 
usually proportional to the severity of site disturbance. Impacts of silvicultural nonpoint-source pollution depend on 
site characteristics, climatic conditions, and the forest practices employed (Fulton & West, 2002). 
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However, in general, if BMPs are properly designed and implemented, the adverse effects of forestry activities on 
hydrologic response, sediment delivery, stream temperature, dissolved oxygen, and concentrations of nutrients and 
pesticides can be minimized. The following specific management measures should be considered by all forest 
managers as they develop comprehensive forest management plans. Planning of the timber harvest to ensure water-
quality protection will minimize nonpoint-source pollution and increase operational efficiency. Streamside 
management areas of sufficient width and extent are crucial because they can greatly reduce pollutant delivery. 
Identification and avoidance of high hazard areas can greatly reduce the risk of landslides and mass erosion. Careful 
planning of roads and skid trails will reduce the amount of land disturbed by them, thereby reducing erosion and 
sedimentation. Proper design of drainage systems and stream crossings can prevent system destruction by storms, 
thereby preventing severe erosion, sedimentation, and channel scouring. Road system planning is a critical part of pre-
harvest planning. Good road location and design can greatly reduce the sources and transport of sediment. Road 
systems should generally be designed to minimize the number of road miles per acre, the size and number of landings, 
the number of skid trail miles, and the number of watercourse crossings, especially in sensitive watersheds. Timing 
operations to take advantage of favorable seasons or conditions and avoiding wet seasons prone to severe erosion or 
spawning periods for fish reduce impacts to water quality and aquatic organisms. Drainage problems can be 
minimized when locating roads by avoiding clay beds, seeps, springs, concave slopes, ravines, draws, and stream 
bottoms. 
 
As previously mentioned, more than 75% of the watershed draining to the Big Chetac and Birch Lakes is forested, 
which likely means some level of timber harvest and other forestry practices are occurring. According to Data USA, in 
2017 Sawyer County forestry and agriculture made up 3.43% of the industry in the county with 1.65% of the 
workforce in the county (Data USA, 2017). Numbers are similar for Washburn County. Forest land owned by both 
private parties and the counties are present in the watershed (Figure 6). 
 

 
Figure 6: Sawyer and Washburn County owned land adjacent to Big Chetac and Birch lakes 

MINING  

Metallic mining has been of minor importance in Sawyer County over the past century. Currently there are no active 

metallic mineral mines in Sawyer County. Non metallic mineral resources include sand, gravel and aggregate deposits. 
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Minerals extracted from Sawyer County are primarily used for construction purposes. Based on nonmetallic mining 
permits in Sawyer County circa 2010, a total of 49 non-metallic mines are active, all of which produce sand and gravel 
or stone products. Only one is listed as being in the Town of Edgewater (Sawyer County Comprehensive Plan, 2010). 
 

NATURAL HERITAGE INV ENTORY  

The Natural Heritage Inventory (NHI) is a dynamic database of species and natural communities that are of concern 
around the State of Wisconsin. The Wisconsin natural heritage working list contains species known or suspected to be 
rare in the state along with natural communities native to Wisconsin. This list was last updated on July 18th, 2017. It 
includes species legally designated as "endangered" or "threatened" as well as species in the advisory "special concern" 
category. Species that fall under the òthreatenedó or òendangeredó category are afforded special protections within the 
State while those that are considered òspecial concernó category carry no legal protections but are being monitored 
because of the potential need for legal protection. In Washburn and Sawyer Counties, which contain the entire Big 
Chetac and Birch Lakes Watershed, there are one endangered and three threatened mammal species, two endangered 
and four threatened bird species, five threatened fish species, one threatened reptile species, one endangered mussel, 
and one endangered insect species (Table 3).  In addition to these species that have legal protections there are also 27 
animal species of special concern. 

Table 3: NHI animal list 

 
 
Within Washburn and Sawyer Counties there are four endangered and six threatened plant species as well as 22 plant 
species of special concern (Table 4).  

Scientific Name Common Name WI statusGroup

Cochlicopa morseana Appalachian Pillar SC/N Rare Aquatic and Terrestrial Snails

Agabetes acuductus A Water Scavenger Beetle SC/N Rare Beetles

Helophorus latipenis A Water Scavenger Beetle SC/N Rare Beetles

Cicindela patruela patruela Northern Barrens Tiger BeetleSC/N Rare Beetles

Botaurus lentiginosus American Bittern SC/M Rare Birds

Chlidonias niger Black Tern END Rare Birds

Setophaga cerulea Cerulean Warbler THR Rare Birds

Bucephala clangula Common Goldeneye SC/M Rare Birds

Chordeiles minor Common Nighthawk SC/M Rare Birds

Oporornis agilis Connecticut Warbler SC/M Rare Birds

Setophaga kirtlandii Kirtland's Warbler END Rare Birds

Ammodramus leconteii Le Conte's Sparrow SC/M Rare Birds

Accipiter gentilis Northern Goshawk SC/M Rare Birds

Contopus cooperi Olive-sided Flycatcher SC/M Rare Birds

Buteo lineatus Red-shouldered Hawk THR Rare Birds

Falcipennis canadensis Spruce Grouse THR Rare Birds

Catharus ustulatus Swainson's Thrush SC/M Rare Birds

Coturnicops noveboracensis Yellow Rail THR Rare Birds

Lycaena dione Gray Copper SC/N Rare Butterflies and Moths

Ophiogomphus anomalus Extra-striped Snaketail END Rare Dragonflies and Damselflies

Aeshna clepsydra Mottled Darner SC/N Rare Dragonflies and Damselflies

Gomphus graslinellus Pronghorn Clubtail SC/N Rare Dragonflies and Damselflies

Ophiogomphus smithi Sioux (Sand) Snaketail SC/N Rare Dragonflies and Damselflies

Percina evides Gilt Darter THR Rare Fishes

Erimyzon sucetta Lake Chubsucker SC/N Rare Fishes

Acipenser fulvescens Lake Sturgeon SC/H Rare Fishes

Etheostoma microperca Least Darter SC/N Rare Fishes

Lepomis megalotis Longear Sunfish THR Rare Fishes

Notropis nubilus Ozark Minnow THR Rare Fishes

Notropis anogenus Pugnose Shiner THR Rare Fishes

Moxostoma carinatum River Redhorse THR Rare Fishes

Martes americana American Marten END Rare Mammals

Eptesicus fuscus Big Brown Bat THR Rare Mammals

Poliocitellus franklinii Franklin's Ground Squirrel SC/N Rare Mammals

Canis lupus Gray Wolf SC/FL Rare Mammals

Myotis lucifugus Little Brown Bat THR Rare Mammals

Glaucomys sabrinus Northern Flying Squirrel SC/P Rare Mammals

Myotis septentrionalis Northern Long-eared Bat THR Rare Mammals

Sorex palustris Water Shrew SC/N Rare Mammals

Napaeozapus insignis Woodland Jumping Mouse SC/N Rare Mammals

Alasmidonta marginata Elktoe SC/P Rare Mussels and Clams

Cyclonaias tuberculata Purple Wartyback END Rare Mussels and Clams

Emydoidea blandingii Blanding's Turtle SC/P Rare Reptiles

Plestiodon septentrionalis Prairie Skink SC/H Rare Reptiles

Glyptemys insculpta Wood Turtle THR Rare Reptiles

Endangered Threatened Special Concern
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Table 4: NHI plant list 

 
 
 
 
  

Scientific Name Common Name WI status Group

Littorella uniflora American Shoreweed SC Rare Plants

Crotalaria sagittalis Arrow-headed Rattle-box SC Rare Plants

Callitriche hermaphroditica Autumnal Water-starwort SC Rare Plants

Sceptridium oneidense Blunt-lobe Grape-fern SC Rare Plants

Calypso bulbosa Calypso Orchid THR Rare Plants

Adlumia fungosa Climbing Fumitory SC Rare Plants

Sparganium glomeratum Clustered Bur-reed THR Rare Plants

Botrychium lunaria Common Moonwort END Rare Plants

Epilobium strictum Downy Willow-herb SC Rare Plants

Artemisia dracunculus Dragon Wormwood SC Rare Plants

Asclepias ovalifolia Dwarf Milkweed THR Rare Plants

Platanthera hookeri Hooker's Orchid SC Rare Plants

Leucophysalis grandiflora Large-flowered Ground-cherrySC Rare Plants

Botrychium mormo Little Goblin Moonwort END Rare Plants

Elatine triandra Longstem Water-wort SC Rare Plants

Tephroseris palustris Marsh Ragwort SC Rare Plants

Botrychium minganense Mingan's Moonwort SC Rare Plants

Boechera missouriensis Missouri Rock-cress SC Rare Plants

Vaccinium vitis-idaea Mountain Cranberry END Rare Plants

Utricularia resupinata Northeastern Bladderwort SC Rare Plants

Platanthera flava var. herbiolaPale Green Orchid THR Rare Plants

Artemisia frigida Prairie Sagebrush SC Rare Plants

Aplectrum hyemale Putty Root SC Rare Plants

Cypripedium arietinum Ram's-head Lady's-slipper THR Rare Plants

Eleocharis robbinsii Robbins' Spike-rush SC Rare Plants

Amerorchis rotundifolia Round-leaved Orchis THR Rare Plants

Potamogeton bicupulatus Snail-seed Pondweed SC Rare Plants

Potamogeton pulcher Spotted Pondweed END Rare Plants

Galium brevipes Swamp Bedstraw SC Rare Plants

Schoenoplectus torreyi Torrey's Bulrush SC Rare Plants

Potamogeton vaseyi Vasey's Pondweed SC Rare Plants

Potamogeton diversifolius Water-thread Pondweed SC Rare Plants

Endangered Threatened Special Concern
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LAKE CHARACTERISTICS  

In order to effectively make management recommendations it is necessary to fully evaluate the conditions within the 
area of concern. While this plan generally focuses on issues at the scale of the entire watershed, it is still important to 
take stock of the baseline conditions of each lake, in order to be able to estimate how management could positively or 
negatively impact them. For the purposes of establishing a lake inventory, Big Chetac Lake will be considered one 
lake, and Birch and Little Birch lakes will be considered one lake. 
 

PHYSICAL CHARACTERIS TICS ð BIG CHETAC LAKE  

Big Chetac Lake is a 2,400-ac drainage lake in southwestern Sawyer County. The average depth is 14-ft with a deepest 
point of 26-ft (Figure 7). Water inputs for Big Chetac Lake come from several small, local tributaries, groundwater, 
and precipitation. At the southern end of the lake, the water drains into Birch Lake forming the headwaters of the Red 
Cedar River. In the most recent aquatic plant point-intercept survey on Big Chetac, the bottom substrate was 
documented at 533 of the 897 survey points. Figure 6 shows that the majority of substrate was muck (71.3%) with the 
remaining areas covered in sand (21.6%) and rock (7.1%).    

 
Figure 7: Big Chetac Lake depth and bottom substrate 

PHYSICAL CHARACTERIS TICS ð BIRCH AND LITTLE BIR CH LAKES 

Birch and Little Birch Lakes are drainage lakes downstream of Big Chetac Lake with a surface area of 368 acres. The 
dam that holds back water for Big Chetac, Birch, and Little Birch lakes is on Little Birch Lake. A maximum depth of 
73-ft is reached in Birch Lake with Little Birch maxing out at about 18-ft. The average depth between the two lakes is 
24-ft (Figure 8). In the 2017 aquatic plant point-intercept survey on Birch and Little Birch lakes, the bottom substrate 
within the littoral (plant growing) zone of the lake was mostly muck in the bays, followed by sand and rock along the 
shore (Figure 9). 
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Figure 8: Birch and Little Birch Lake map 

 

Figure 9: Bottom substrate in Birch and Little Birch lakes 
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WATER QUALITY ð BIG CHETAC LAKE  

2008 PALEO-ECOLOGICAL SEDIMENT CORE STUDY 

In 2008, a paleo-ecological sediment core study was conducted on Big Chetac Lake. The purpose of sediment core 
studies is to gain insight to what kinds of conditions existed within the lake prior to European development. Because 
the sediments in the deeper portions of lakes remain relatively untouched by both people and natural factors, they can 
be analyzed in terms of what kinds of plant and algal remains are found at various depths. This provides insight into 
what types of nutrients and conditions were dominant at any given time up to roughly 300 years back. On Big Chetac 
Lake, a 93-cm sediment core was taken from 25-ft of water in the North Basin. A complete diagnostic of the core was 
completed (Garrison & LaLiberte, 2010). The core was dated to estimate historical dates and sedimentation rates, the 
diatom (one of the most common, and ancient varieties of algae) community was analyzed to assess changes in 
nutrient levels, and geochemical elements were examined to determine the causes of changes in water quality. This 
study came up with the following conclusions: 
 

¶ The mean sedimentation rate for the last 150 years in Lake Chetac was near the median measured in 52 

Wisconsin lakes. This was partially because it is a moderately hard water lake and relatively shallow. 

¶ There were two episodic peaks in the sedimentation rate, around 1910 and 1940. The first peak was likely the 

result the increased water level from the dam flooding land along the lake shore. It is unclear what watershed 

disturbance contributed to the 1940 peak. 

¶ Other than the short lived peaks around 1910 and 1940, the sedimentation rate for the last 150 years has 

largely been unchanged. 

¶ Phosphorus was the only element that exhibited significant changes in the last 150 years. Phosphorus 

deposition rates have increased in the last 2 decades probably as a result of internal loading of phosphorus 

from the sediments. Soil erosion and commercial fertilizers do not appear to be a significant source of the 

elevated phosphorus deposition. 

¶ The diatom and blue-green algal communities indicate that phosphorus levels are naturally high in Lake 

Chetac. Before the arrival of Europeans in the mid-1800s, algal blooms were common. Historical phosphorus 

concentrations were 55-60Ǫg/L. 

¶ Phosphorus levels were at their highest levels in the period 1910 to 1980 although it is likely that internal 
loading has resulted in higher summer phosphorus concentrations in recent years that is not reflected in 
either the diatom or bluegreen algal fossils. 

MODERN WATER QUALITY 

Water quality data has been collected, sporadically, on Big Chetac Lake since as early as 1995, but there is not very 
consistent data until 2007. In 2007, volunteers began to collect water clarity (Secchi depth) measurements in the 
Central and South basins of Big Chetac and water chemistry data in only the Central basin through the Citizen Lake 
Monitoring Network (CLMN). In 2014, the North basin was added to the CLMN data for both Secchi depth and 
water chemistry data collection.  
 
Both the South and Central basins have similar water clarity with summer averages (July and August) of 2.84-ft and 
2.95-ft respectively based on multiple years of CLMN data. The North basin has only been regularly sampled since 
2014, but has a summer water clarity average of 2.80-ft similar to the other two basins. All of these values are well 
below average for the Central Georegion which was 9.6 feet in 2017. In addition to being well below average, both the 
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Central and South basins show similar downward trends for water clarity since 2007 (Figure 10). There is not enough 
data to determine a trend for the North basin. 
 

           
Figure 10: Average summer Secchi depth in the Central and South basins, 2007-2017 (two or more readings 

in July and August) 

Water chemistry data has been collected in the Central basin since 2007 and in the North basin since 2014. In the 
Central basin, the trend for total phosphorus (TP) appears to be decreasing at a very slow pace. The same is not true 
of the chlorophyll-A levels which appear to be increasing (Figure 11). While the TP levels are decreasing, the average 
seasonal amount found within the lake falls well above the 40µg/L threshold for a stratified reservoir to be considered 
impaired. Even the best year in the last ten, 2009, showed average seasonal TP levels that were high at 48.25µg/L. In 
the worst year of the last ten, 2012, TP levels during the summer were 101.25µg/L, over five times the state threshold 
for impaired waters. From 2007 to 2017 the average seasonal TP was 70.02µg/L. Historical water quality data from 
the sediment core study has shown Big Chetac to be a naturally eutrophic system with historic phosphorus 
concentrations likely in the 55-60µg/L range (Garrison & LaLiberte, 2010). If the average annual phosphorus could 
be brought back to this level consistently, it is likely that water quality issues would be less prevalent.  
 

 
Figure 11: Chlorophyll-a and total phosphorus annual averages in the Central basin using WisCALM 

parameters, 2007-2017 
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WATER QUALITY ð BIRCH LAKE  

While the extent of water clarity and water quality data for Birch Lake is limited, there is volunteer data from the 
CLMN program from 1996-2000, 2004, 2017, & 2018. Through the lake management planning grant awarded in 
2017, additional water quality was collected from the Deep Hole in Birch Lake. The monthly average for all of the 
Secchi Disk water clarity data is shown in Figure 12. 
 

 
Figure 12: Average monthly Secchi disk reading of water clarity from the Deep Hole in Birch Lake 

Total phosphorus (TP) and chlorophyll-a (ChlA) are measures that can be used to estimate water quality in the lake. 
Data is limited (Table 5), but with that data, a quick comparison can be made between Big Chetac and Birch lakes. 
Table 6 indicates that averages for TP and ChlA are less in Birch Lake than they are in the Central basin of Big Chetac 
Lake. Also included in Table 6 are the limits for TP and ChlA for waters that are considered impaired by the State of 
WI (TP) and the World Health Organization (ChlA). Birch Lake does not exceed the impaired waters limit for 
chlorophyll-a, only Big Chetac does. 

Given that Birch Lake is a deep (73-ft) stratified lake, it is expected that a strong thermocline would develop 
separating the surface waters (epilimnion) from the bottom waters (hypolimnion). When this happens, the 
hypolimnion usually goes anoxic (becomes devoid of dissolved oxygen) often times right up to the thermocline. In 
Birch Lake stratification begins in early June and lasts through most of the summer and fall. As a result, there is the 
potential for significant internal loading of phosphorus from the bottom sediments into the water column. Figure 13 
demonstrates the extent of stratification and the effects it has on temperature and dissolved oxygen (DO) in Birch 
Lake. 
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Table 5: Total Phosphorus and Chlorophyll-a Data from the Deep Hole in Birch Lake 

 

Table 6: Comparison of Total Phosphorus and Chlorophyll-a for both Big Chetac and Birch lakes with 
recognized standards for impaired waters 

 

 

Parameter MG/L Date Location Storet #

PHOSPHORUS TOTAL 0.018 5/18/2004 9:00 BIRCH LAKE - DEEP HOLE 583094

PHOSPHORUS TOTAL 0.023 8/3/2004 13:00 BIRCH LAKE - DEEP HOLE 583094

PHOSPHORUS TOTAL 0.0518 7/30/2017 9:30 BIRCH LAKE - DEEP HOLE 583094

PHOSPHORUS TOTAL 0.047 8/24/2017 11:00 BIRCH LAKE - DEEP HOLE 583094

PHOSPHORUS TOTAL 0.0416 9/17/2017 9:30 BIRCH LAKE - DEEP HOLE 583094

CHLOROPHYLL A 51.54 8/3/2004 13:00 BIRCH LAKE - DEEP HOLE 583094

CHLOROPHYLL A 49.1 7/30/2017 9:30 BIRCH LAKE - DEEP HOLE 583094

CHLOROPHYLL A 29.7 8/24/2017 11:00 BIRCH LAKE - DEEP HOLE 583094

CHLOROPHYLL A 7.89 9/17/2017 9:30 BIRCH LAKE - DEEP HOLE 583094

IRON TOTAL RECOVERABLE4.81 7/30/2017 10:00 BIRCH LAKE - DEEP HOLE - BOTTOM583094

IRON TOTAL RECOVERABLE1.25 8/24/2017 11:30 BIRCH LAKE - DEEP HOLE - BOTTOM583094

IRON TOTAL RECOVERABLE3.6 9/17/2017 10:00 BIRCH LAKE - DEEP HOLE - BOTTOM583094

PHOSPHORUS TOTAL 0.371 7/30/2017 10:00 BIRCH LAKE - DEEP HOLE - BOTTOM583094

PHOSPHORUS TOTAL 0.14 8/24/2017 11:30 BIRCH LAKE - DEEP HOLE - BOTTOM583094

PHOSPHORUS TOTAL 0.318 9/17/2017 10:00 BIRCH LAKE - DEEP HOLE - BOTTOM583094

Birch Lake Water Quality Data - Total Phosphorus (TP), Chlorophyl a, and Bottom Waters Iron & TP

TP (6/15-9/15); ChlA (7/15-9/15) TP (ppb) Chlorophyll A (ppb)

Big Chetac Lake - Central Basin (2007-2017) 79.79 73.45

Birch Lake - Deep Hole (2017) 46.8 28.9

WI State Standard - Impaired Waters 30 NA

Worlkd Heatlth Organization NA 30
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Figure 13: Temperature (red line) and DO (green line) profiles from Birch Lake (2017 & 2018) 
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TEMPERATURE AND DISS OLVED OXYGEN  

TEMPERATURE 

Water temperature is an important measurement of lake health. It exerts a major influence on biological activity and 
growth. Generally, the higher the water temperature is, the greater the biological activity there is in that water. Fish, 
insects, zooplankton, phytoplankton, and other aquatic species all have a preferred temperature range. As 
temperatures get too far above or below a preferred range, the number of individuals of a given species will decline, 
and/or the species makeup of the water waterbody will change. Within the watershed of Big Chetac and Birch lakes 
different streams are classified as cold or warm water. Several cold water streams in the watershed are listed as Class 1 
trout waters. Brook trout, native to WI, require the cold water in these streams to survive. Different land uses around 
and along these streams influence the temperature of the water. 
 
Temperature is also important because of its influence on water chemistry. The rate of chemical reactions generally 
increases at higher temperature. Water, particularly groundwater, with higher temperatures can dissolve more minerals 
from the rocks it is in and will therefore have a higher electrical conductivity. It is the opposite when considering a 
gas, such as oxygen, dissolved in the water. Warm water holds less dissolved oxygen than cool water, and may not 
contain enough dissolved oxygen for the survival of different species of aquatic life. Some compounds are also more 
toxic to aquatic life at higher temperatures. 
 
The temperature of water is influenced by many things. The most obvious is seasonal changes in air temperature. 
Water temperatures will be cooler in the spring and late fall than in the summer and early fall. Daily variations may 
also occur, especially in the surface layers of the lake which are typically warmer during the day when the sun is 
shining than they are at night. In deep lakes, significant temperature differences from the surface to the bottom may 
cause the water to separate into distinctly different layers, a process termed thermal stratification (Figure 14). During 
the open water season of lakes, energy from the sun warms the surface waters, but may not be able to penetrate far 
into the depths of the lake to warm bottom waters. Cold water is more dense than warm water, and as a result will 
sink to the bottom of a lake during the warm water season. However, water has a unique chemical property. Instead 
of continuing to get more dense as it gets colder, once it reaches the freezing point, ice forms which is less dense and 
floats at the surface. It is this property that maintains life in lakes even in the coldest winters, assuming the water is 
deep enough not to freeze all the way from the surface to the bottom. 
 
Once thermal stratification occurs, it tends to persist until the air temperature cools again in fall. Because the layers 
don't mix, they develop different physical and chemical characteristics. For example, dissolved oxygen concentration, 
pH, nutrient concentrations, and species of aquatic life in the upper layer can be quite different from those in the 
lower layer. Thermal stratification can be disturbed by storm events, boat use, and extended periods of cold or warm 
air temperatures. Shallow lakes may not stratify at all. Deep lakes will often stay in a stratified state well into the colder 
seasons of late fall and winter when surface water temperatures may be cooled to the point they are the same as the 
bottom waters and the whole system gets mixed up again. This process is called overturn, and happens both in the fall 
before ice forms and soon after the ice melts in the spring. 
 
Because light penetration and the energy associated with it deceases with depth in the water column, the sun can heat 
a greater proportion of the water in a shallow lake than in a deep lake and so a shallow lake can warm up faster and to 
a higher temperature. Lake temperature also is affected by the size and temperature of inflows (e.g., a stream during 
snowmelt, or springs or a lowland creek) and by how quickly water flushes through the lake. Even a shallow lake may 
remain cool if fed by a comparatively large, cold stream (Lake Access, 2018). 
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Figure 14: Summer thermal stratification 

DISSOLVED OXYGEN 

A commonly measured lake or stream water parameter is DO. The amount of DO in the water can tell a lot about 
water quality, and is crucial for the organisms and creatures living in it.  Like terrestrial animals, fish and other aquatic 
organisms need oxygen to live. As water moves past their gills (or other breathing apparatus), microscopic bubbles of 
oxygen gas in the water are transferred from the water to their blood. Chemical processes dictate that this transfer is 
efficient only above certain concentrations. In other words, oxygen can be present in the water, but at too low a 
concentration to sustain aquatic life. Most freshwater fish species, for example require a concentration of at least 3-4 
parts per million (ppm) of oxygen in the water to survive. Oxygen also is needed by the many chemical reactions that 
are important to lake functioning. 
 
Oxygen is produced during photosynthesis (where plants covert carbon dioxide in the air and water to oxygen) and 
consumed during respiration (breathing of living aquatic species) and decomposition (when dead plants and other 
things break down and decay). Because it requires light, photosynthesis occurs only during daylight hours. Respiration 
and decomposition, on the other hand, occur 24 hours a day. This difference alone can account for large daily 
variations in DO concentrations. During the night, when photosynthesis cannot counterbalance the loss of oxygen 
through respiration and decomposition, DO concentrations may steadily decline. It is lowest just before dawn, when 
photosynthesis resumes. 
 
Other sources of oxygen include the air and inflowing streams. Oxygen concentrations are much higher in air, which 
is about 21% oxygen, than in water, which is a tiny fraction of 1 percent oxygen. Where the air and water meet, this 
tremendous difference in concentration causes oxygen molecules in the air to dissolve into the water. More oxygen 
dissolves into water when wind stirs the water; as the waves create more surface area, where more diffusion can occur. 
As previously mentioned, cold water can hold more oxygen than warmer water. Warmer water becomes "saturated" 
more easily with oxygen. As water becomes warmer it can hold less and less DO. So, during the summer months in 
the warmer top portion of a lake, the total amount of oxygen present may be limited by temperature.   
 
In natural environments, temperature and DO are not too much of a concern for aquatic life, since the animals and 
plants in the water have evolved to best survive in that environment. It is when the temperature of a water body 
changes, either by a natural event or by a human-induced event, that negative impacts may be caused. Just 
downstream of the Big Chetac and Birch Lake system, both Balsam and Red Cedar lakes are listed as two-story 
fisheries, meaning the water in the deeper parts of the lakes is cold enough, and in the past, contained enough oxygen 
to support cold water fish species like trout and whitefish. Birch Lake is 73-ft deep and has plenty of cold water, but 
water below 12-15 feet is basically devoid of oxygen from early June through the end of the open water season, 
eliminating any ability to support a cold water fishery (Figure 13). The two-story fishery in both Balsam and Red 
Cedar lakes are suffering similar fates (cold water but not enough oxygen), enough so that in Red Cedar Lake, the 
destruction of the cold water fishery is one reason the lake is listed as impaired. 



38 |  P a g e
 

CAUSES OF INCREASED TEMPERATURE IN LAKES 

Parking lots and roads are examples of impervious surfaces that may be adjacent to a water body. Water runs off of 
these surfaces into local lakes and streams instead of soaking into the ground as in natural environments. These and 
similar surfaces act as "fast lanes" for rainfall to make its way into lakes and streams. Rain that falls on a parking lot 
that has been baking in the sun all day during summer gets super-heated and then runs off into waterbodies. This 
heated water may cause immediate adverse conditions that can be a shock to aquatic life, or just contribute to the slow 
warming of the water. Along with the heat, runoff from impervious surfaces adjacent to lakes and streams can contain 
pollutants, such as sediment, leaking motor oil, hydrocarbons from exhaust, leftover fertilizer, and normal trash. In 
northern climates where winter snow and ice often require the use of road salt, elevated chloride levels in the water 
can negatively impact plant growth and harm aquatic organisms (Hunt, Herron, & Green, 2012). 
 
In lakes, the direct measurement of thermal pollution is not common. However, in running waters, like those streams 
that bring water into the Chetac Chain of Lakes, the elevated temperature of water entering them can be a serious 
problem for populations of cool or cold-water fish already stressed from the other contaminants. Water temperature 
fluctuations in streams may be further worsened by cutting down trees, which provide shade, and by absorbing more 
heat from sunlight due to increased water turbidity. The same can be said for removing trees from the shoreline of a 
lake during development. 
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WATER BUDGET AND NUT RIENT LOADIN G ð BIG CHETAC AND BIRCH LAKE S 

In order to determine where the nutrients within a lake are coming from, it is necessary to determine a water budget 
for that lake. This involves determining how much is entering the lake versus how much is exiting it. Once a water 
budget has been developed, the source of nutrients, most importantly phosphorus and nitrogen, can be determined. 
During the òGetting Rid of the Greenó lake study project that started in 2007, several studies were conducted to 
determine the main sources of phosphorus within Big Chetac Lake. During this study, water inputs to Big Chetac 
Lake included local tributaries, precipitation, and groundwater flow. Water going out included that which goes out 
through Birch Lake and over the dam, ground water exiting the lake, and evaporation. Residence time is a measure of 
how long water coming into a lake remains before going out again. Residence time for Big Chetac Lake is estimated to 
be about four years. Residence time differs from lake to lake based on volume and flow through, and changes with 
rainfall and drought conditions. Generally, longer lake residence times mean a higher build-up of nutrients due to less 
flushing (moving water through). More water flushing through a lake system may have a cleansing effect on the given 
lake. With this data, it was estimated that about 9,624-lbs of phosphorus were in Big Chetac  
 
These studies have not been conducted on Birch Lake. However, between 2017 and 2019 total phosphorus data was 
collected at the inlet (Co. F Bridge), outlet (Co. D Culvert), and at the Deep Hole in the lake. Sampling at the deep 
hole included surface water samples, bottom water samples, and water column samples. Flow data was also collected 
from the inlet and outlet of Birch Lake. Based on this information, the estimated amount of phosphorus entering 
Birch Lake from Big Chetac Lake is approximately 1,260-lbs annually. Over the same time period, 773-lbs of 
phosphorus are leaving Birch Lake. The total phosphorus load in Birch Lake was calculated to be around 3,973-lbs 
indicating that Birch Lake acts as a sink for phosphorus coming into the lake. Internal loading in Birch Lake has not 
been quantified. While the main source of water into Birch Lake is the inlet from Big Chetac Lake, it cannot be 
assumed that this is the main source of the nutrient loading into Birch Lake. There are many other variables that need 
to be considered before a complete nutrient budget for Birch Lake can be calculated. 
 

NUTRIENT LOADING IN BIG CHETAC LAKE  

During the 2008-10 Getting Rid of the Green study, phosphorous loading from the following sources were quantified; 
atmospheric deposition, groundwater flow, tributary loading, near shore contributions, septic systems, curly-leaf 
pondweed decay, and internal recycling. Figure 15 shows the breakdown for phosphorous loading from these sources. 
These numbers need to be updated but provide at least a place to start in determining what needs to be done to 
maintain a desired level of water quality. In total, the amount of phosphorus entering the lake was estimated at 
approximately 11,748-lbs.  
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Figure 15: Total Phosphorus Loading into Big Chetac Lake 

Recycling of existing phosphorous from the sediments at the bottom of the lake accounts for approximately 69% of 
the total phosphorous loading to the lake. A lack of oxygen caused by decaying plant and animal material in the 
bottom of the lake and high pH levels in the water column lead to an internal release of phosphorous stored in the 
bottom sediments. A long lake residence time (3 to 4 years for Big Chetac Lake) increases the amount of phosphorous 
that settles into the bottom sediments instead of being flushed from the system. The phosphorus from the sediment is 
then distributed or re-suspended throughout the lake by natural processes including turnover, chemical reactions 
facilitated by a lack of oxygen, and high pH values, and waves caused by the wind; and human induced disturbances 
including waves and disturbances to the bottom by boat traffic. Phosphorous release rates from the sediments 
calculated in 2007 by the US Army Corp of Engineers were as high as 19.1 mg/m2/day under high pH and anoxic 
conditions. Total days without oxygen in the bottom waters ranged from 5 days a year in the south basin to as much 
as 90 days a year in the north basin. 
 
The next largest source of phosphorous to Big Chetac Lake is the annual senescence of CLP at 15% (based on 2008 
CLP abundance). According to data reported on in the 2008 Paleoecology sediment core, since the 1980õs 
phosphorous is the most significant element that has increased in deposition (Garrison & LaLiberte, 2010). In this 
same time period, organic matter and calcium have also increased but not as dramatically. IT has been suggested that 
this could be from increased internal recycling of phosphorous existing in the sediments (Garrison & LaLiberte, 
2010). What caused greater levels of phosphorous in the sediments to be re-introduced into the lake during this time 
frame is not completely known, but could be related to the introduction and subsequent takeover of the early season 
plant community by CLP. While it is not known what level of CLP was in the lake in the 1980õs and levels in 2008 
exceeded 600 acres or approximately 25% of the entire lake surface. Increased levels of CLP since the 1980õs could 
also explain the increased levels of calcium and organic matter noted in the paleo-ecological report. CLP will often 
have CaCO3 encrustations on it. Waisel, Oerteli, & Stahel (1990) reported encrustations reaching up to 80% of the 
total CLP leaf dry weight. These encrustations were also reported to contain large amounts of phosphorous (Allenby, 
1981). CLP completes its life cycle and begins senescence in the early summer at the same time that bottom waters in 
Big Chetac Lake start becoming anoxic. Whether this new decay causes the rapid decline in oxygen, or merely 
aggravates it is unclear. As was stated before, 15% or more of the total annual phosphorous load in Big Chetac Lake 
could be coming from CLP. 
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LAKE SYSTEM FLUSHING  AND WATER QUALITY  

As was indicated in the 2010 LMP for Big Chetac Lake, increasing the flushing rate of the lake can make 
improvements in water quality. The flushing rate of a lake is related to its retention time. The longer water stays in a 
system, the more opportunity there is for the phosphorous in that water to settle out into the bottom sediments or to 
be utilized for growing algae. One researcher suggested that blue-green algal dominance is never observed in lakes 
where hydraulic retention time is shorter than five days, even though such lakes can have very high nutrient 
concentrations (Scheffer, 1998). Flushing a lake with relatively clean water can decrease nutrient levels and even wash 
out certain slow- growing algal groups. Often there is a noticeable reduction in algae following a large rain event as the 
retention time in the lake is shortened by the added runoff. 
 
As also indicated in the 2010 LMP, there were no good ways to increase the flushing of the system except to hope 
significant rain events would happen frequently enough to provide some benefit. Water quality in the system has been 
better in the last few years then it was in previous years as indicated CLMN water quality data collected by volunteers. 
One of the objectives during the development of this new plan was to determine a reasonable water quality goal to 
aim for when implementing the actions in the plan. Preliminary goals were first solicited from the constituency during 
in-person or phone interviews, and through stakeholder group discussion. What came from that discussion was that if 
the water quality in the lakes could be what it was in 2016 and 2017 (even 2015) then many folks would be satisfied. 
Back in 2007, when the initial òGetting Rid of the Greenó study was initiated, water quality in the Big Chetac Chain 
was much worse than it is now. 
 
To come up with a value to have as a goal, water quality data from 2007 to 2017 was looked at to determine the best 
and worst years (Table 7). As expected two of the best years for water quality as measured by the amount of 
phosphorus, were 2016 & 2017. When looking for an explanation as to why these two years were considered the best 
years out of ten, one only needed to look at the seasonal rainfall records for the Birchwood area. From 2011 to 2014, 
total seasonal rainfall (March ð October) averaged 13.65 inches as recorded at the Rice Lake Regional Airport 
(https:// www.wunderground.com/history/month , last accessed 8/6/2018).  These years in turn were some of the 
worst in the last ten for water quality. From 2015 to 2017 total seasonal rainfall averaged 26.41 inches (Table 8), nearly 
doubling the amount of rainfall flushing out the Big Chetac and Birch lakes system which was reflected in these years 
being some of the best years in the last ten. It seems safe to assume that if seasonal rainfall stays high (>20 inches), it 
will only benefit the entire system. If seasonal rainfall drops back to <20 inches water quality in the system will again 
suffer. 
 
The average phosphorus concentration in Big Chetac Lake during the wet years, which were also the best years for 
water quality, was approximately 55-ppb. The average phosphorus concentration during the dry years was about 83-
ppb. If the constituency was satisfied with water quality in the lake during the wet years, then the goal in the dry years 
should be to get to that level. Improving conditions in the dry years will likely improve water quality in the wet years 
as well. The difference between the wet and dry year phosphorus concentrations is 28-ppb. This concentration 
equates to approximately 2,109-lbs of phosphorus in the lake, or about 18% of the total load (11,748-lbs). 
 
With this data, a goal of 55-ppb of phosphorus was set for Big Chetac Lake. What follows is a discussion of how to 
reach that goal. 
 

https://www.wunderground.com/history/month
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Table 7: TP values for the Central basin in Big Chetac Lake, 2007-2017 (five best years are tinted) 

 
 

Table 8: Monthly rainfall 2008, 2011-2017  

 
 

CONTROLLING OR REDUC ING EXTERNAL NUTRIENT INPUTS  

External inputs of phosphorous to the Big Chetac and Birch lakes include sources that can and cannot be readily 
managed. From the 2010 LMP, only 16% of the total phosphorous in Big Chetac Lake is coming from external 
sources, the rest is coming from internal loading and from CLP as it decays in the system. External sources measured 
include the atmosphere, groundwater, nearshore contributions (including septic systems), and contributions through 
surface water runoff from the larger watershed. Little can be done to reduce the amount of phosphorous carried in by 
groundwater or blown over and carried into the lake by wind and precipitation, but phosphorus loading from the 
nearshore area and larger watershed can be reduced. 

BEST MANAGEMENT PRACTICES (BMPõS) IN THE WATERSHED THAT REDUCE PHOSPHOROUS 
LOADING  

The watershed of Big Chetac and Birch lakes is mostly in a natural state. A little more than 81% of the watershed is 
made up of forests, wetlands, and grasslands. Agriculture (pasture and row crops) make up and additional 5%. 
Agricultural practices in a watershed are often a significant source for phosphorous in a lake. STEPL modeling was 
used to estimate a percent of decrease if certain BMPs were implemented. The total amount of phosphorus 
contributed by the agricultural land was calculated to be about 2,250-lbs. If 100% of the cropland was converted to 
conservation tillage, cover crops planted, and/or retired; and 25% of the pasture was converted to grassed buffers, 
phosphorus loading could be reduced by 28% (630-lbs). If only 50% of the cropland was converted the reduction in 
phosphorus would be about 19% (427-lbs). Additional practices including livestock feeding and manure management 
strategies could further reduce phosphorous loading. 
 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Average

March 0.34 0.74 0.7 0.88 0.61 0.25 1.84 0.73 0.76

April 2.74 2.05 1.97 2.68 2.88 1.48 1.8 2.26 2.23

May 1.59 1.9 3.32 3.41 4.81 3.96 4.62 5.99 3.70

June 5.02 0.15 1.73 2.66 1.94 2.67 3.95 4.2 2.79

July 2.35 1.99 2.29 0.22 0.68 5.73 4.17 2.1 2.44

August 0.92 3.36 1.24 0.05 1.72 3.78 5.08 6.52 2.83

September 2.91 1.13 0.56 1.98 0.04 5.17 3.55 1.63 2.12

October 1.25 0.39 1.65 4.31 0.56 2.51 1.75 3.5 1.99

Total 17.12 11.71 13.46 16.19 13.24 25.55 26.76 26.93 18.87

Monthly Rainfall (Inches) Rice Lake Regional Airport - Weather Underground

Data Not 

Available

Data Not 

Available
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More than 73% of the watershed is still in a forested state, some of this is Sawyer County Forestry land. A conscious 
effort should be made to preserve, protect, and enhance these properties and to preserve additional property through 
conservation easements, environmental land trusts, and the Wisconsin Stewardship Program. When logging is done in 
the watershed, the BCABLA and their partners should be actively working to insure logging practices minimize 
disturbance and protect near shore buffers along lakes and streams. 

BMPõS IN THE DEVELOPED NEAR SHORE AREA THAT REDUCE PHOSPHOROUS LOADING 

The total phosphorus input from the nearshore area of Big Chetac and Birch lakes is estimated at less than 5% of the 
total load. Septic systems at most contribute another 2.0%. When compared to the other sources of phosphorous to 
the lakes, these values are very low. However, using a different scale for measurement, the amount of phosphorous 
per acre contributed by the nearshore area is about 0.38-lbs, more than twice what is contributed by the larger 
watershed per acre at 0.15-lbs. This, plus the idea that nearly every property owner on the lake could do something to 
help reduce phosphorous loading likely at little cost, make it worth doing. 
 
Recent land use digitizing of a 300-ft zone around both Big Chetac and Birch lakes identified more than 153-ac of 
lawn and 63-ac of impervious surfaces. Using the WDNR WiLMS modeling suite these areas contributed 152.3-lbs or 
75% of phosphorus loading attributed to the nearshore area. If half of the lawn was converted to a natural state, 
phosphorus loading could be reduced by 18.5%. Additional phosphorus loading from the nearshore area comes from 
the septic system or onsite wastewater systems. Results from a septic system survey completed by Sawyer County in 
2008 indicated that about 108-lbs of phosphorus were contributed to the lake annually. Currently, about 11% (99 out 
of 880) of the individual landowner parcels on the lakes are undeveloped. Minimizing further development of these 
areas would prevent additional phosphorus from being added to the lake. 
 
Together, phosphorus reductions gained by implementing BMPs in the nearshore area and the larger watershed may 
seem of little value. At most, these changes could generate a little more than 20% of the required reduction in 
phosphorus loading needed to reach the designated goal. However, many of the issues that cause an increase in 
phosphorus loading from the nearshore area and watershed can be addressed by property owners and users of the 
land. By restoring disturbed shorelines, leaving òno mowó or more substantial buffer strips along lake and stream 
edges, using no fertilizer or phosphorous free fertilizers, diverting runoff form hard surfaces and rooftops, preventing 
shoreland erosion, and maintaining septic systems in properly working order, the total phosphorous per acre of the 
nearshore area can be reduced. By incorporating no till and other conservation tillage practices, installing grassed 
waterways, maintaining buffers along lakes, streams and wetlands, planning cover crops to augment nutrient needs, 
following appropriate manure spreading guidelines, and making improvements to feed lots and barnyards, and other 
agricultural BMPs the load from these lands can be reduced. Most of these activities can easily be implemented by 
property owners and users of the land at relatively low costs. Making sure all septic systems are functioning properly 
will also minimize phosphorus loading to the lake. Protecting undeveloped portions of the nearshore area would 
prevent loading from this area from increasing in the future. 
 

CONTRIBUTIONS OF TOT AL PHOSPHORUS FROM CURLY-LEAF PONDWEED IN BIG  
CHETAC AND BIRCH LAKES  

In the spring and early summer 2008 CLP was present across more than 25% of the surface area and more than  66% 
of the littoral zone of Big Chetac Lake (Berg M. , 2008). CLP grows early and quickly often being well-established 
even before the winter ice goes out of the lake. It has dense growth patterns that create large masses of vegetation that 
can interfere with lake recreational uses and shade out other plant growth. However, the life cycle of this plant 
typically concludes in late June or early July. The large masses of vegetation die and senesce quickly and then often 
disappear from the water column in a very short period of time. 
 
Decaying CLP and other vegetation releases phosphorous into the lake water. The phosphorous content of the CLP 
from Big Chetac Lake in 2007 was measured at 0.26% by the WDNR (Roesler, 2008) based on plant samples from 10 
different sites. The median CLP biomass was calculated to be 245 g/m2. Based on an area of CLP covering 620 acres 
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(Berg M. , 2008) the total phosphorous mass potentially released from CLP in Big Chetac Lake is estimated at 3,522-
lbs or 30% of the total phosphorous load. 
 
The total phosphorous mass value contributed by CLP from the previous paragraph assumes that 100% of the 
phosphorous contained in the CLP will go directly into the water column. This is probably not the case. Naturally 
senescing CLP generally settles to the lake bottom where a substantial portion of the decomposition occurs. This 
would likely result in some of the phosphorous released by CLP being immediately captured in the sediment. 
Filamentous algae present in the area where CLP is decaying and periphyton on the remaining plant community 
would likely use up some of the phosphorous released from the CLP as well (Roesler, 2008). Conditions in Big Chetac 
Lake would seem to support this assumption. The 2008 Big Chetac Lake CLP Survey completed in June and late July 
of 2008 (Berg M. , 2008) indicated that a large amount of living CLP was still visible in late July, and that rake samples 
taken from the bottom still contained a lot of CLP detritus. A better value to consider for Big Chetac Lake might be 
50% of the potential phosphorous released from the CLP making it to the water column. If this is the case, then CLP 
contributed around 1761-lbs or 15% of the total phosphorous load based on 2008 CLP coverage in the lake. 
 
This value is based on 620 acres of CLP, so if the amount of surface matting CLP is less than 620 acres in any given 
year, the amount of phosphorous released into the water column from decaying CLP will also be less. If there were 
only 465 acres of CLP in the lake ð a reduction of 25% then it is also reasonable to assume that the amount of 
phosphorus released will also be reduced by 25%. If the total phosphorus contributed by CLP was 1,761-lbs with 620 
acres of CLP, it would be only 1,320-lbs with 310 acres, a difference of 441-lbs. Added to the 630-lbs from 
agricultural BMPs and 28-lbs from the nearshore area, a 52% reduction in phosphorus loading has occurred. If 
additional CLP were harvested (or chemically treated with stakeholder approval) that would reduce phosphorus 
loading even more. 
 
During a 2017 cold-water, point-intercept aquatic plant survey completed by the WDNR, about 63 additional acres of 
CLP were identified in Birch Lake which would add another 179-lbs of phosphorus using the calculation from Big 
Chetac Lake. A 50% reduction in CLP in Birch Lake would reduce the load by another 90-lb. 
 

INTERNAL LOADING IN BIG CHETAC AND BIRCH  LAKES 

Algae growth in Big Chetac and Birch Lakes is fueled by excess phosphorus. The 2010 LMP indicated that internal 
loading of phosphorus (that portion of the total phosphorus load already in the sediments at the bottom of the lake) 
was the main source (67%) of available phosphorus for algae growth in Big Chetac Lake. Big Chetac Lake is a large 
and shallow lake with a long maximum fetch (the area of a lakeõs surface over which the wind blows in an essentially 
constant direction, thus generating waves) along a south-south-west to north-north-east axis makes it highly 
susceptible to mixing (James, 2013). This particular characteristic of the lake contributes a great deal to the amount of 
internal loading that occurs in the lake. Mixing in a lake occurs when phosphorus rich waters at the bottom of the lake 
(hypolimnion) get mixed into waters near the surface of the lake (epilimnion). The movement of this phosphorus 
from the hypolimnion to the epilimnion is termed òvertical P transportó. In 1988, researchers proposed the Osgood 
Index as a means to estimate the probability of partial or complete mixing of lakes during summer storms (Osgood, 
1988). The Osgood Index itself is a ratio of the mean depth over the square root of the surface area. Researchers who 
proposed the Osgood Index suggested that lakes with an Osgood Index <6 would be polymictic lakes (lakes that mix 
several times during the season) or have surface waters (epilimnia) strongly influenced by the bottom waters 
(hypolimnia).  Lakes with large surface areas relative to their depths may be more susceptible to vertical P transport. 
 
The Osgood Index for Big Chetac Lake is only 1.5 (James, 2013), and it has been shown that Big Chetac has multiple 
mixing events in a given year. Collected data in the North, Central and South basins of the lake indicate periods of 
hypolimnetic anoxia (low or no dissolved oxygen in the bottom waters) due to stratification. Stratification is when lake 
water develops warmer, oxygen-rich water near the surface and colder oxygen poor waters near the bottom separated 
by a thermometric barrier known as the thermocline. Periods of stratification were generally longest in the North 
basin beginning in early June and lasting through September except during periods of vertical P transport. 
Stratification occurred much more sporadically in the Central and South basins of Big Chetac, usually not starting 
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until late June. The longer these periods of stratification last, the more phosphorus builds up in the bottom waters. If 
stratification is disturbed due to wind and waves or by heavy boat use, vertical P transport increases introducing more 
of the bottom waters to surface waters where the phosphorus is rapidly used to grow more algae. 
 
Although the studies completed back in the late 2000õs did not specifically look at stratification in Birch Lake, more 
recent data suggests the Birch Lake stratifies very early in the season and at 73-ft deep remains stratified all the way 
into September when water temperature begins to cool. Dissolved oxygen profiles at the deep hole in Birch Lake 
(Figure 6) indicated anoxic (no oxygen) in waters greater than 9-meters in the month of June and anoxic conditions 
below 4-meters July-September. 
 
According to Nurnberg (2009), there are indicators that internal loading may be a significant source of phosphorus in 
both polymictic (mixes frequently) shallow lakes like Big Chetac, and in stratified dimictic (only mixes during spring 
and fall turnover) deep lakes like Birch. Polymictic lakes that show increasing total phosphorus (TP) and dissolved 
reactive phosphorus (DRP) throughout the summer even in upper waters; have turnover or mixing events during the 
summer leading to algae blooms and increased turbidity; have a thin oxygenated sediment layer, occasional anoxia in 
weed beds and in the open water during quiescent conditions (early morning); and occasional iron, manganese or 
reduced gas development during quiescent conditions; all may indicate a lake heavily impacted by internal loading 
(Nurnberg, 2009). Many of these conditions, if not all have been documented in past research for Big Chetac Lake. 
 
Stratified lakes like Birch may be impacted by internal loading if there is severe hypolimnion anoxia; increasing TP and 
DRP with depth profiles; increasing hypolimnetic TP and DRP throughout the summer; concomitant iron, 
manganese or reduced gas development; and fall turnover the leads to blooms and increased turbidity (Nurnberg, 
2009). At least some of these conditions have been documented in Birch Lake however more data is needed to 
confirm that they are happening.  
 
Dissolved oxygen profiling in Birch Lake in 2017 showed anoxic conditions below 4-meters of depth from July 
through September. Historic Secchi disk readings of water clarity show the average water clarity in July and August to 
be 6.22-ft. In September and October the average water clarity is nearly 2-ft less at 4.29-ft suggesting fall algal blooms, 
perhaps associated with fall turnover. Water sampling in 2017 at the surface and at the bottom of the Birch Lake at 
the deep hole found that surface water concentrations of TP decreased from late July to mid-September. TP in the 
bottom waters was 5 to 7 times higher than TP in the surface waters, but showed a significant decline from July to 
August, then back up again in September. Iron in the bottom waters was also measured in 2017 with iron 
concentrations near the bottom being 9 to 13 times greater than TP concentrations in the surface waters. Iron was 
also significantly less in August than it was in July or September. Full water column profiles (top to bottom) for 
phosphorus and iron were completed in 2019 and were used to help estimate the total phosphorus load in Birch Lake 
previously in this document. 
 

USING ALUM TO REDUCE  INTERNAL LOADING  

One method for reducing internal loading in lakes is to chemically seal the sediment in the bottom of the lake so less 
phosphorus can be released. To do this requires applying a compound that will chemically bind with the available 
phosphorus keeping it in a permanent state where it cannot be released back into the water column. In the presence 
of oxygen, iron is an excellent and natural binding agent for phosphorus. Unfortunately in the absence of oxygen, the 
chemical bond between iron and phosphorus breaks. In lakes like Big Chetac and Birch where the hypolimnion of the 
lake goes anoxic for much of the season, internal loading can be significant. 
 
One nontoxic material that has been used with some success is aluminum sulfate or òalumó. On contact with water, 
aluminum sulfate is broken down into another chemical compound that forms a fluffy precipitate called òflocó. As the 
floc slowly settles it removes phosphorous from the water and collects suspended particles in the water and carries 
them down to the bottom of the lake. Once on the bottom the floc forms a layer that acts as a phosphorous barrier 
by combining with the phosphorous as it is released from the sediment. Once bound by aluminum sulfate, the 
phosphorus cannot be returned to the water column even under anoxic conditions. 
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During the discussion phase of the development of this Comp Plan, a lot of concern was expressed related to the 
impacts of aluminum sulfate on aquatic biota including fish and invertebrates. In a review of literature conducted by 
(Gensemer & Playle, 1999) they conclude that aquatic invertebrates are not very sensitive to aluminum. Field studies 
have generally demonstrated the hardiness of aquatic invertebrates to aluminum, but they may be indirectly affected if 
their predators (e.g., fish) are influenced by aluminum. Aquatic invertebrates do not biomagnify aluminum. Aluminum 
is a gill toxicant to adult fish causing respiratory effects, depending on the acidity of the water and the concentration 
of aluminum they are exposed to. Respiratory effects predominate at low pH (approx. 5-6) and with exposures to 
aluminum concentrations above 50µg/L. These values pertain to the amount of free aluminum that may persist in the 
water, not the aluminum that is bound up in the floc or bottom blanket (aluminum hydroxide) that is formed. Free 
aluminum may persist at pH less than 6 or other hydroxides may form at pH greater than 9; although toxicity may 
occur at pH > 8 in some conditions. Both forms may be toxic to aquatic life. As a practical matter, the use of buffered 
alum has mitigated this concern by controlling the pH to acceptable ranges. Indeed, there has been only one reported 
case in the United States in recent years where toxicity has been a problem (NALMS, 2004). Under proper use 
guidelines, alum has not been shown to cause any long-term negative impacts to aquatic life. 
 
The biggest problem is determining how much alum to use, and trying to establish how long the alum treatment may 
be effective. Multiple factors can positively (or negatively) affect longevity of improved water quality after Al addition 
to reduce internal P cycling. Water residence time, water column stability, and the 
relative magnitude of internal to external P loads can all affect the perceived effectiveness of internal P loading 
management (Huser, et al., 2015). In order to determine factors related to longevity of water quality improvement in 
Al-treated lakes, Huser et al. examined 114 lakes previously treated with Al to reduce internal P loading from the 
sediment. Their research indicated that the most important factors affecting the longevity of an alum treatment 
explaining 82% of the variation, included the amount of alum used (appropriate dosage), the watershed area to lake 
area ratio (the size of the land draining to a lake verses the size of the lake itself), and lake morphology (size, shape, 
depth, etc.). Moderate to high densities of bottom feeding fish negatively affected longevity. Their research indicated 
that longevity in shallow lakes was less, but the depth of the lake only explained about 3% of the variation. For all of 
the lakes they looked at, treatment longevity based on declines in epilimnetic (surface water) TP averaged 11 years. 
Significant differences in treatment longevity between deeper, stratified lakes (mean 21 years) and shallow polymictic 
lakes (mean 5.7 years) were detected (Huser, et al., 2015). There was not enough data in any of the lakes included in 
this study to determine the impact of disturbance of the sediment caused by boats on the longevity of an alum 
treatment. 

BIG CHETAC LAKE ALUM STUDY 

In 2013, Bill James and the University of Wisconsin ð Stout Discovery Center completed phosphorus budget analysis 
and alum dosage estimation for Big Chetac Lake. The resulting report concluded that internal loading is indeed a 
significant source of phosphorus to the lake, and overall, the North basin represented the greatest internal P loading 
contribution in conjunction with the highest anoxic factor and a longest period of stratification and bottom water 
anoxia. By contrast, the Central and South basin internal P loading contributions were much lower, coinciding with 
more intermittent stratification, lower anoxic factor values, and much shorter periods of bottom water anoxia. Despite 
the higher amounts of phosphorus being released in the North basin, the summer mean concentrations of 
phosphorus were similar in each basin suggesting a great deal of water mixing and exchange between the three basins 
(James, 2013). 
 
The report also concluded that an application of alum could significantly reduce internal loading if applied to water in 
the North basin, and by doing so relatively uniform reductions in surface water TP, a potential 60% decline in mean 
summer chlorophyll concentrations (a measure of the amount of algae in the water), and an increase in water clarity as 
measured by a Secchi disk, to near 1-meter. It should be noted, that the average summer (July & August) water clarity 
lakewide as recorded by volunteers through the CLMN is 3.06-ft. An increase to 1-meter would only add about a 
quarter foot or 3 inches to the average summer water clarity. While this does not sound like much, it is also expected 
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that severe algae blooms which occur about 73% of the time during the summer would be reduced to approximately 
18% of the time (James, 2013). 
 
An Al dosage of 135g/m2 was chosen for treatment for the North basin of Big Chetac Lake. This amount equates to 
about 19.77g/m3, which is higher than the maximum allowable concentration in Big Chetac Lake of 10.0-12.5g/m3. 
Maximum concentration is defined as that dose which reduces pH to 6, a pH favorable for forming insoluble 
aluminum hydroxide and for assuring that the dissolved (free) aluminum remains below potentially toxic 
concentrations (Cooke & Kennedy, 1981). To account for this the alum would be applied over the course of 2 or 3 
years likely with a buffer added to make sure pH remained at or above 6. Sediment areas located at depths >20-ft and 
an additional sediment area encompassing depths >15-ft (Figure 16) were recommended for treatment. These areas, 
totaling about 462 acres in the north basin were chosen because they were exposed to anoxia and, thus, had a high 
potential for anaerobic P release from sediments. The total estimated cost, including a generic setup fee, for an 
application of Al was ~$1,720,000.00 (James, 2013). 
 

 
Figure 16: Location of the proposed aluminum sulfate treatment area in the North basin of Big Chetac Lake 

ALUM IN BIRCH LAKE 

The nutrient budget and alum dosage study completed in 2013 only included Big Chetac Lake. The general 
assumption has been that if improvements were made in Big Chetac Lake that these improvements would trickle 
down to Birch and Little Birch Lakes. However, if Birch Lake is suffering from its own internal loading, which more 
recent data seems to suggest, then this assumption may be incorrect, or at least only part of the picture that is 
impacting Birch Lake. More needs to be done to determine how water movement from Big Chetac into Birch Lake 
impacts Birch Lakeõs water quality.  
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Some initial water quality data collected in 2017, indicated that phosphorus levels in water coming from Big Chetac 
into Birch Lake was higher than the surface water phosphorus levels in Birch Lake itself. Furthermore, the 
phosphorus levels in water going out over the dam was even less suggesting that Birch Lake is acting as a phosphorus 
sink, pulling phosphorus from the water coming from Big Chetac. This may be occurring during fall turnover when 
the surface and bottom waters in Birch Lake begin to mix. Iron and phosphorus data collected from the bottom 
waters of Birch Lake between late July and mid-September 2017 showed a ratio of iron to phosphorus between 9 and 
13 to 1. During fall turnover when oxygen is present, iron is available in the water column that can bind with 
phosphorus. The question is, is there enough iron to bind with the Birch Lakeõs own internal load of phosphorus and 
with additional phosphorus coming in from Big Chetac. 
 
One of the criterion that is used to determine the possible longevity of an alum treatment done to improve water 
quality is external sources of P to the lake. In the case of Birch Lake, there appears to be significant phosphorus 
coming into and staying in the lake from Big Chetac. But it also appears that internal loading could be significantly 
impacting Birch Lake, so a combined approach to curb external sources of P into Birch Lake and control of the 
internal load of P may be needed to make improvements. Meaning that Birch Lake needs to be considered its own 
management entity rather than just assuming that what happens in Big Chetac will make Birch better. 
 

CONSTITUENT REACTION  TO APPLICATION OF AL UM  

While research indicates that the application of alum could help maintain or improve Big Chetac Lake, and if 
additional research were to indicate application in Birch Lake could also help, there is a great deal of undecidedness 
and some opposition to its use. Probably most of the controversy is over the cost of implementing an alum 
application. In Big Chetac Lake alone, the estimated cost of application exceeds $1.7 million. Even if the application 
was spaced out over two or more years, the cost would still be over $500,000.00 annually. There are lake protection 
grants available from the WDNR that could cover up to $200,000.00 annually, but these still fall far short of the 
estimated cost. 
 
The general constituency still has a lot of questions related to the application of alum to the North basin of Big 
Chetac Lake or any other part of the lake system. How long would it last? What impact would it have on Birch, Little 
Birch, and other downstream waters? What impact would it have on the fishery? How clear would the water get? 
Would the increase in water clarity create better conditions to support aquatic plant growth? In order to answer these 
and other questions, the BCABLA needs to spend more time researching them and then taking its findings to the 
public for input. It is clear that there would have to be buy-in from many local stakeholders including the BCABLA 
constituency, local towns, Village of Birchwood, local sporting and fishing clubs, and the businesses that benefit from 
the lake system in order to make this type of management action happen. 
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AQUATIC PLANTS IN BI G CHETAC, BIRCH, AND  LITTLE BIRCH LAKES  

BIG CHETAC LAKE  

When the òGetting Rid of the Greenó project started in 2007, one of the first lake characteristics to be looked at was 
the aquatic plant community. Aquatic plants are the foundation of a healthy lake system. Because of this, plants are 
one of the best measures of a lakeõs overall health. It was well known at the time that that there was a lot of CLP in 
the system, but not much was known about other native aquatic plants. In 2008 a whole-lake, point-intercept, aquatic 
plant survey of Big Chetac Lake was completed using a 970 point grid created by the WDNR. This grid was used in 
2008 to establish a baseline of aquatic vegetation and in 2014, to compare changes being brought about by the use of 
aquatic herbicides to control CLP. Again in 2017, it was used to see how native aquatic plants were recovering in the 
lake.  
 
In 2014, the aquatic plant survey of the entire lake was in response to CLP chemical treatment in 2013 and 2014 that 
left fewer aquatic plants than expected in Big Chetac Lake, particularly in the Central and North basins. Plant survey 
results from 2014, showed a decline in native aquatic vegetation, but this was not entirely due to chemical treatment of 
90 acres of CLP in the North basin.  Ice out in the spring of 2014 was very late, with most lakes holding onto their ice 
until after the Wisconsin fishing opener the first weekend in May. The spring of 2014 was cool and lasted a long time, 
further slowing the growth of native aquatic plants in Big Chetac Lake.  
 
At the time of the 2017 survey, Secchi disc readings were in the 2-3ft range.  This very poor water clarity produced a 
littoral zone that extended to 11.5ft and included 352 survey points of which 201 had vegetation (20.7% of the lake 
bottom and 57.1% of the littoral zone).  Although this was a highly significant decline from 2014 when plants were 
found growing to 14.5ft (493 littoral points), it represented a moderately significant increase from the 148 points with 
vegetation found during that survey (15.3% of the lake bottom and 30.0% of the littoral zone). The 2017 values also 
represented a near return to vegetation levels seen in 2008 when plants were found growing at 269 points within the 
then 12.5ft littoral zone (27.7% of the bottom/68.6% of the littoral zone). In addition to the recovery in points with 
vegetation, it was found that the mean and median depth of plant growth also increased from 5.4ft/5.0ft in 2014 to 
5.9ft/ 6.0ft in 2017. This relatively uniform growth in the depth/colonization of the plant community was nearly 
identical to what was first observed in 2008 when the mean/median was also 5.9ft/6.0ft. 
 
Table 9 is a brief comparison of the statistics from each of the whole-lake point-intercept surveys completed in Big 
Chetac Lake. 
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Table 9: Comparison of 2008, 2014, and 2017 point-intercept aquatic plant survey data 

 
  
Overall diversity in Big Chetac Lake was again exceptionally high and almost unchanged from the previous surveys. In 
2008, the Simpson Index value was 0.90; ticked up to 0.93 in 2014; and remained there in 2017.  Overall richness was 
moderate and also little changed as 35 species were found in the rake in 2008, 39 in 2014, and 39 in 2017. When 
including visuals and the boat survey, these numbers jumped to 46/48/52 respectively.  Localized richness, after 
increasing from 2.49 native species/site with native vegetation in 2008 to 2.71/site in 2014, experienced a non-
significant decline to 2.69/site in 2017 (Figure 17). As in previous surveys, the bulk of the lakeõs species occurred near 
the creek inlets, in the herbicide control bay west of the main public boat landing, and in the Bullpen (Figure 18). 
While there is no specific water clarity data to support, the reason for more aquatic plant diversity in these areas is 
thought to be better water clarity at the inlet of Benson, Heron, Knuteson, and Malviney creeks. The west bay is also 
one of the largest, shallow-water bays in the entire lake, providing greater habitat for aquatic plant growth.  
 

 
Figure 17: Native species richness (diversity) in Big Chetac Lake, 2008, 2014, & 2017 
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Figure 18: Locations in Big Chetac Lake 

 
The estimated 2008 baseline mean rake fullness at sites with vegetation was a moderate 2.02. It fell to a low/moderate 
1.84 in 2014 and to 1.74 in 2017. This further decline wasnõt significant and it likely reflects the increase in low density 
deep water points as plants reestablish in these areas. Figure 19 is a visual representation of rake fullness as it changed 
from 2008 to 2017. The rake fullness value is a measure of plant density based on a 1-3 scale related to how much 
vegetation is pulled from the lake at each sample point (Figure 20). 
 

 
Figure 19: Total rake fullness (density) in Big Chetac Lake, 2008, 2014, and 2017 
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Figure 20: Visualization of rake fullness values from the whole-lake, point-intercept aquatic plant survey 

 
From 2008 to 2014, ten species and filamentous algae experienced significant changes in distribution all of which were 
declines. Specifically, curly-leaf pondweed, small pondweed, coontail, filamentous algae, flat-stem pondweed, forked 
duckweed, and Friesõ pondweed suffered highly significant declines; fern pondweed saw a moderately significant 
decline; and small duckweed, large duckweed, and white water crowfoot experienced significant declines. At the time 
it was noted that most of the species that experienced the biggest contractions in range were either species that start 
growing early in the spring prior to herbicide application (curly-leaf pondweed, small pondweed, flat-stem pondweed, 
and Friesõ pondweed) or ones that overwinter as vegetation (coontail and fern pondweed). Conversely, species that 
primarily use seeds, spores, rhizomes, or tubers (slender naiad, wild celery, white-water lily, nitella, sago pondweed, 
spatterdock, and clasping-leaf pondweed) tended to be almost unchanged in their distribution. 
 
By 2017, many species that had shown dramatic declines in 2014 were beginning to recover. Twelve species and 
filamentous algae saw significant changes, and all but one of those was an increase. Filamentous algae, flat-stem 
pondweed, nitella, forked duckweed, northern water-milfoil, common waterweed, and muskgrass populations all 
benefited from highly significant increases in distribution; small pondweed and white water crowfoot enjoyed 
moderately significant increases; and coontail, Friesõ pondweed, and water star-grass had significant increases. 
 
Small pondweed was one of the plant species most impacted by the 2013 and 2014 chemical treatment of CLP. In 
2008, it was the most widely distributed native species found at 130 sites with a mean rake of 1.41.  Although the 2014 
survey found it suffering a highly significant decline in range to 37 points, its mean rake fullness of 1.46 was nearly 
unchanged. In 2017, a moderately significant increase in distribution was documented. However, it also suffered a 
highly significant decline in mean rake fullness to 1.08.  This may be because most rake samples in the northern half 
of the lake that contained this species had one or two individual stems. Visual analysis of the maps showed this 
species also declined in the southern half of the lake (Figure 21). 
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Figure 21: Distribution and density of small pondweed in Big Chetac Lake 

 
The Floristic Quality Index (FQI) measures the impact of human development on a lakeõs aquatic plants. The 124 
species in the index are assigned a Coefficient of Conservatism (C) which ranges from 1-10. The higher the value 
assigned, the more likely the plant is to be negatively impacted by human activities relating to water quality or habitat 
modifications. Plants with low values are tolerant of human habitat modifications, and they often exploit these 
changes to the point where they may crowd out other species. The FQI is calculated by averaging the conservatism 
value for each native index species found in the lake during the point-intercept survey, and multiplying it by the square 
root of the total number of plant species (N) in the lake. Statistically speaking, the higher the index value, the healthier 
the lakeõs aquatic plant community is assumed to be. (Nichols, 1999) identified four eco-regions in Wisconsin:  
Northern Lakes and Forests, North Central Hardwood Forests, Driftless Area and Southeastern Wisconsin Till Plain. 
He recommended making comparisons of lakes within ecoregions to determine the target lakeõs relative diversity and 
health. Big Chetac Lake is in the Northern Lakes and Forests Ecoregion. 
 
In 2008, 34 native index species were identified on the rake during the point-intercept survey. They produced a mean 
Coefficient of Conservatism (C) of 6.0 and a Floristic Quality Index (FQI) of 34.8. The 2014 survey found 37 native 
index plants on the rake during the point- intercept survey. They produced a mean C of 5.9 and a FQI of 35.8 ð both 
of these values were nearly identical to the 2008 survey.  During the 2017 survey, a total of 39 native index species 
were identified in the rake. They produced a mean C of 6.0 and a FQI of 37.3.  Each of these values represented an 
increase over the 2014 survey again suggesting the aquatic plant community in Big Chetac Lake is recovering. 

WILD RICE 

Wild rice, a plant of significant wildlife and cultural value, is present in scattered patches along the creek inlets in the 
Bullpen (Figure 22). Most areas support only low to moderate density plants, and no areas have ever been mapped 
that were big enough or dense enough that they would offer profitable human harvest. Outside of this area, wild rice 
has never been observed growing anywhere else in the system. 
 
The 2008 survey found a bed of rice in the nearly inaccessible bay south of the Malviney Creek inlet that was 
moderate to high density. The only two survey points in the lake with rice occurred here, and each had a rake fullness 
of 3. This shallow bay still had rice in 2014 and 2017, but the area has largely been taken over by water lilies and 
cattails (Figure 23). In 2014 and 2017, wild rice was found at three points, but each sample consisted of a single plant 
so the mean rake fullness was 1.00 for each survey (Figure 24). 
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Figure 22: Panorama of northern wild rice in Malviney Creek inlet facing northwest into the Bullpen ð 

7/28/17 (Berg M. S., 2017a) 
 

 
Figure 23: Rice remnants in bays southwest of Malviney Creek inlet ð 7/28/17 (Berg M. S., 2017a) 

 

 
Figure 24: 2008, 2014, and 2017 northern wild rice density and distribution  

 
Given the limited amount of wild rice in the system, it is likely that it will never increase to a harvestable amount. 
However, seeding of wild rice could be discussed with GLIFWC and St. Croix Tribal Resources. The implication of 
wild rice on management of other aquatic plants in the system is simply one of not being able to chemically treat in 




































































































































